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(54) Process and apparatus for preparing thin films of polymers and composite materials on 
different kind of substrates 

(57) The present invention relates to a process and 
an apparatus for preparing thin f iims having a thickness 
of the order of the micrometer and formed of polyimides 
so-called FIPOL I, FIPOL II, FIPOL III on solid sub- 
strates of different kinds, particularly of glass, oxides of 
elements such as Si, Al, or elements such as Si, Ge, Ti, 
C and others, comprising the steps of: a) hard vacuum 
evaporation of the polymeric precursors following on the 
heating under thermal control conditions such as to 
assure a homogeneous evaporation rate; b) deposition 
of the vapours produced in a) on a chemical solid sub- 
strate which may be made of inorganic oxides, metals 
and non-metals so as to provide a homogeneous film on 
the whole surface concerned; c) stabilization of the film 
by heating in an inert atmosphere so as to provide a 
compact, homogeneous deposit of determined thick- 
ness. 
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Description 

The present invention relates to a process and an apparatus for preparing thin films of polyimide polymers, herein- 
after referred to as FIPOL I, FIPOL II and FIPOL ill for the sake of brevity, on a solid substrate of various chemical com- 

5 position for the modification of chemical-physical surface characteristics of such a substrate. Particularly, solid 
substrates such as, for example, inorganic oxides such as glass, Si0 2 , Al 2 0 3 or metals such as Ti, Cu, Al or non-metals 
such as Si, C, Ge may be used. Said polyimide polymers differ in structure and morphology from the polyimides already 
chemically produced by Dupont De Nemours and by UBE and known under the trademarks KAPTON® and UPILEX®, 
even if they have similar chemical formula. 

io By way of example, the surface deposits provided by the described process may be advantageously used for the pro- 
tection of metal objects since such a process allows homogeneous controlled-thickness films to be prepared irrespec- 
tive of the geometric form and the nature of the substrate. As chemically inert polymeric films stable up to 400°C are 
concerned, the process allows the fields of application of said materials modified In their mechanical, electrical, optical 
surface characteristics to be advantageously extended. 

is Another field of application relates to the preparation of polyimide-metal surface deposits by one and only process of 
providing films having a typical conductivity of a semiconductor, then adapted in micro-electronics and electrostatics. 
Such a composite material is referred to as CONPOL (registered trademark by the Applicant) in the following descrip- 
tion. 

The above-cited fields of application of the invention are only some of the main fields indicated by way of a not limiting 
20 example of the invention since the process, the used materials, the organic, metal and organometal precursors, as 
described and claimed later on, may be advantageously used in any other equivalent field in which polyimide deposits 
modified or not by means of metals are produced on solid substrates to cause a permanent modification of the surface 
characteristics. 

Processes of such a type are known. Particularly the process of the article of Salem et al, (Journal of Vacuum Science 
25 & Technology, A4 (3), 1 986, page 369) relates to the preparation of polyimide films of the type FIPOL I to be deposited 
on various substrates by using a highly specific apparatus for controlling the process of evaporation which does not 
allow surfaces of large size or lower than some square centimetres to be treated. Also Pethe et al. (Journal of Material 
Research, Vol. 8, No. 12, 1993, page 3218) disclose a process for depositing polyimide films of the type FIPOL I by 
using a very expensive apparatus not adapted to the treatment of wide surfaces. Further processes such as those dis- 
30 closed by Lamb et al. (Lagmuir- Vol. 4, 1988, page 249), Yamada et al. (Journal of Vacuum Science & Technology, Al 
1 (5), 1993, page 2590), lijma et al. (Macromolecules, Vol. 22, 1989, page 2944) have technical drawbacks which can 
be overcome only by specific research instruments and then are not adapted for a continuous industrial production. 

The main object of the present invention is of overcoming the above-complained problems and limitations by a 
process which allows compact polyimide films such as the so-called FIPOL I, FIPOL II, FIPOL Hi and compositions 
35 thereof with metals to be provided by a controlled-thickness process for the modification of the chemical-physical sur- 
face characteristics of solid substrates of various kind without any limitations of the treated surface area. 
A second object of the present invention is of providing deposits having half-insulation characteristics on varying-geom- 
etry substrates by one and only process. 

A further object of the present invention is of providing polyimide films FIPOL I, FIPOL II, FIPOL III having no internal 
40 separation surfaces or cracks and exhibiting the same mechanical characteristics and the same surface tension values, 
chemical etching resistance and thermal endurance as the massive polyimide materials. 

These and other objects can be achieved by a process for preparing surface deposits of polyimide polymers 
referred to as FIPOL I, FIPOL II and FIPOL III on a solid substrate of various nature, particularly those based upon inor- 
ganic oxide such as, for example, glass, Si0 2 , Al 2 0 3 or metals such as Ti, Cu, Al or non-metals such as Si, C, Ge, com- 
45 prising the steps of: 

a) hard vacuum evaporation of the polymeric precursors following on the heating under thermal control conditions 
such as to assure a homogeneous evaporation rate. 

It was surprisingly found that the molar evaporation rate of both precursors (as for FIPOL I, benzentetracarboxylic 
so dianhydride and 4, 4'-oxydi aniline; as for FIPOL II, biphenyltetracarboxylic dianhydride and 1,4-phenylendiamine- 
dianiline; as for FIPOL III, benzophenontetracarboxylic dianhydride and tetramethyl-p-pherrylendiamine) is the 
same at the temperature of 180°C as shown in the diagrams of Fig. 7a relating to the evaporation rate of 4,4'-oxy- 
dianiline (ODA) and Fig. 7b relating to the evaporation rate of (benzentetracarboxylic dianhydride (PMDA). 

b) deposition of the vapours produced in a) on a chemical solid substrate which may be made of inorganic oxides, 
55 metals and non-metals so as to provide a homogeneous film on the whole surface concerned. 

c) stabilization of the film by heating in an inert atmosphere so as to provide a compact, homogeneous deposit of 
determined thickness. 
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Therefore, a first aspect of the invention provides that the heating for the evaporation of the precursors takes place 
under a temperature control system. Particularly, such a control is carried out by using a series of melting pots placed 
within a vacuum chamber and having a particular geometry and being provided with their own heating means for a con- 
troll ed-temperature heating. 

c A second aspect of the invention provides the change of the distance between melting pot and substrate to be coated 
by a suitable mechanical device. 

A third aspect of the invention provides the controlled evaporation of the polymeric precursors simultaneously to that of 
the organometal compositions, the low-melting-point metals, and other chemical compositions which can be sublimed. 

A further aspect of the invention provides the polyimide film thickness control by controlling the evaporation time. 
10 In order to achieve such objects and to provide the above-mentioned process the invention makes use of an appa- 
ratus including a vacuum chamber provided with a series of melting pots of suitable geometry for the evaporation of the 
precursors, such melting pots being provided with an automatic temperature control system, melting pot-substrate dis- 
tance setting means, and evaporation time control means. 

The main advantages provided by the process according to the present invention are: 

75 

(i) preparation of homogeneous films of stable polymers or compositions thereof with metals on substrates such as 
metals, inorganic oxides or non-metals of varied geometry under simple operative conditions; 

(ii) capability of modulating the process so as to be able to vary the thickness of the film according to the evapora- 
tion time and the kind of the substrate; 

20 (iii) providing such surface deposits without any limitation in the extension of the treated surface, without disconti- 

nuity or modifications of the chemical-physical characteristics of the deposited polymer. 

Further characteristics and advantages of the invention will be more readily apparent from the following description 
of the apparatus and three examples showing byway of an indicative, not limiting example the process according to the 
25 invention with reference to the accompanying drawings in which: 

Fig. 1 shows schematically and generally an elevation front view of the device according to the invention with the 
vacuum chamber and the vacuum system; 

30 Fig. 2 shows still schematically an elevation front view of the melting pot system used for the evaporation of the pre- 
cursors and supported by flange A of the device of Fig. 1 ; 

Fig. 3 is still an elevation front view of the mechanical device supported by flange B of Fig. 1 for controlling the melt- 
ing pot-substrate distance; 

35 

Fig. 4 is a side view of flange C of Fig. 1 with the thickness gauge and the vacuometer; 
Fig. 5 is a top plan view of flanges B and C of Fig. 1 ; 
40 Fig. 6 is a perspective view of the melting pot system of Fig. 2; 

Fig. 7 is a diagram showing the evaporation rate of the precursors of FIPOL I vs. the temperature; 
Fig. 8 is a diagram showing the homogeneity of the thickness of the FIPOL I deposit; 

45 

Fig. 9 is a diagram showing the thickness of FIPOL I vs. the time; 

Fig. 10 is a microphotography made by electronic scanning microscopy of a FIPOL I deposit on siliciurn; 

so Fig. 11 is the IR transmission spectrum of FIPOL I deposited on a pellet of KBr; 

Fig. 12 shows a diagram of the coefficient of friction vs. the applied load and the thermal treatment temperature for 
film of FIPOL I on 6000 A thick siliciurn; 

55 Fig. 1 3 shows a diagram of the surface resistivity of a deposit of CONPOL on Si0 2 vs. the time at different voltages; 

Fig. 14 is the RBS spectrum of a CONPOL sample deposited on Si where the analysis beam is formed of protons 
energized at 1 ,5 Me V; 
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Fig. 15 is a schematic view of a continuously rotating mechanical device for coating cylindrical substrates; 

Fig. 16 shows the diagram of the erosion rate in 40% HF of a glass cylinder before and after being coated with 
FIPOLl; 

5 

Figs. 1 7A and 17B compare two microphotographs made by an optical 10-magnification microscope and showing 
a deposit of FIPOL I and a deposit having the same thickness on the same substrate of KAPTON (registered trade- 
mark by DUPONT DE NEMOURS). 

io With reference to Figs. 1 to 6, the device for carrying out the process according to the invention essentially includes: 

a conventional vacuum chamber 2 with six mouths having orthogonal axes and provided with flanges, to one of 
which, indicated at D, the vacuum system formed of a turbomolecular pump PT and a rotating pump PR is con- 
nected through a cold junction H, and 
75 a series of melting pots 4 formed of parallelepipeds of ultrapure copper provided with a central cavity 6 in which a 
mixture of precursors is placed and with two through holes 8 and 10 receiving the vacuum thermocouple 12 and 
the heating tubular resistance 14, respectively, both connected to a thermal regulation unit carrying out the auto- 
matic control of the temperature and keeping the variation thereof within 1 °C. 

20 The melting pots are spaced apart regularly in a row with the interposition of ceramic spacers 18 on a support plate 16 
of aluminium which is supported by flange A through further ceramic spacers 1 8' under the rotary shutter 20 fixedly con- 
nected to a vacuum-tight rotary tubular member 22 passing through the plate. Further passing tubular members 24 are 
provided for the connection to the power supply and the thermocouples. The geometric arrangement shown in Fig. 6 is, 
of course, indicating and not limiting as the active surface may be extended by using coupled melting pots. 

25 The distance between melting pots and surfaces of the substrate to be treated can be set through a mechanical system 
illustrated in Figs. 3 and 5. 

As can be seen in such figures, the substrate to be treated is placed on a sample carrying plate 26 which is slidable 
along two vertical guide rods Integral with flange B and is moved by a worm screw 30 connected to a rotary member 32 
near a vacuometer 40. 

30 The evaporation of the precursors at 1 80°C is obtained with constant flow and unit mole ratio by putting both precursors 
in one melting pot. The vapours are deposited on the solid substrate to be treated so as to provide a homogeneous film 
on the whole surface concerned. Such a result takes place, for example, in case of deposits of FIPOL I on Si under the 
above-mentioned conditions. 

A thickness gauge or prof ilometer, the head 36 of which is cooled by two anacondas (hoses) 38 for supplying cooling 
35 water, is supported by a vacuum-tight passing member on flange C (Fig. 4). A vacuometer is indicated at 42. 

The thicknesses of the film deposits shown in Fig. 8 are obtained after an evaporation treatment of 6 hours and can be 
detected by the profilometer after heating at 250°C in a nitrogen atmosphere. Up to a distance of 4 cm from the central 
axis of evaporation there is no thickness variation in case of an arrangement of three melting pots located on a strip of 
8 cm, as shown in Fig. 6. 

40 Fig. 8 shows that the thickness variation of the film is by 20% as a maximum at a distance of 10 cm. 

The mechanical apparatus of Fig. 15 is capable of coating cylindrical substrates by continuously rotating the substrate 
within the vacuum chamber. As can be seen, the cylindrical substrate to be coated 44 is supported by a bush 46 of 
teflon® connected to a wire 48 of harmonic steel. The latter is guided by a steel tube 50 and is connected at the oppo- 
site end to a bush 52 of musmetal integral with the rotation pin of a rotary vacuum-tight passing member 54 externally 

45 connected to a motor 56. 

The following examples explain in a better way the characteristics of the process and the products obtained accord- 
ing to the invention. 

EXAMPLE 1 

50 

The vacuum chamber of Fig. 1 is used for the surface treatment of samples having a surface area of about 1 00 cm 2 . 
The precursors of polyimide FIPOL I (benzentetracarboxyiic dianhydride and 4, 4'-oxydi aniline) are placed into three 
melting pots shown in Figs. 2 and 6. The distance between melting pots and the surface of the substrate to be treated 
may be gradually set by the mechanical device formed of plate 26, rods 28 and worm screw 30. 
55 In this example the substrate is polycrystaliine silicium. Said melting pots were preliminarily filled with benzentetracar- 
boxyiic dianhydride, heated at different temperatures up to a maximum of 220°C, and kept at each temperature for a 
period of 120 minutes. The used substrate was a quartz crystal acting as sensor of the deposited thickness according 
to the oscillation frequency variations. The deposition rates according to the temperature were thus obtained as shown 
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in Fig. 6, curve a. 

The same process was applied to the other precursor and curve b of Fig. 7 was obtained. 

By comparing said two curves it can be seen that the temperature of 1 82°C is the experimental parameter at which 
the molar evaporation rates of the two precursors are the same. 

Deposits of the two precursors in times varying from 70 to 360 minutes were carried out on the substrate of polycrys- 
talline silicium. The diagram of the thickness vs. the time is shown in Fig. 9. 

The homogeneity of the deposit was proved by carrying out measurements of thickness transversaiiy to the central axis 
of evaporation, the three melting pots being placed on the same axis over a length of 8 cm. The result is shown in Fig. 
8 in which the distance between melting pot and substrate is 6 cm. 

Fig. 10 shows a photogram obtained by electronic scanning microscopy showing the surface magnified 23739 times 
without discontinuities or cracks (the scratch which may be seen was intentionally made as reference for the focusing). 
The comparison between FIPOL I and KAPTON (registered trademark by Dupont de Nemours) as far as the morpho- 
logical surface homogeneity is concerned is shown in Figs. 13A and 13B in which two pictures obtained by an optical 
10-magnification microscope (1 graduation of the ruler corresponds to 10 microns) are shown. 
Fig. 1 1 shows the IR spectrum of a deposit of FIPOL I on the surface of a pellet of KBr under the above-mentioned con- 
ditions relating to the evaporation of the precursors and the next thermal treatment. 

The adhesion between the polymer and the substrate of silicium for samples treated at different temperatures was 
proved by scratch tests. The results illustrated in Fig. 1 2 show the reduction of the coefficient of friction with the increase 
of the temperature of the stabilization treatment as well as the strong reduction of the critical load when passing from 
250°C to 300°C. 

The values of the coefficient of friction and the critical load are shown in Table 1. The critical load has been evaluated 
through the examination of the different sample by an optical microscope. 



TABLE 1 



Treatment temperature 


Coefficient of friction 


Critical load 


250°C 


0.15 


110g 


300°C 


0.16 


10g 


350°C 


0.13 


10g 



EXAMPLE 2 

A deposit of a composite material FIPOL l-Pt was carried out on polycrystalline silicium with simultaneous deposi- 
tion of the precursors (benzentetracarboxylic dianhydride and 4,4'-oxydianiline) and Pt (1,5 C 8 H 12 )C 12 . The Pt compo- 
sition was sublimed in advance without other components and an evaporation rate of 5 nm/h at 205°C was obtained. A 
film on a sapphire was produced through simultaneous evaporation of said composition, placed in the central melting 
pot at 205°C, and the two precursors of FIPOL I, placed in the side melting pots at 182°C. Such a film subjected to a 
thermal treatment under N 2 for 2 hours at 250°C is a homogeneous dispersion of Pt in FIPOL I (Fig. 7) as ascertained 
by RBS analysis (Rutherford Backscattering Spectrometry). The atomic ratio between Pt and C is about 1/28. 

Such a material was referred to as CONPOL Samples of such a material were subjected to measurements of elec- 
trical surface resistivity and the results are shown in Fig. 14. The surface resistivity becomes stable after about 60 min- 
utes and reaches the typical values of the half-insulating materials. The non-ohmic characteristics are shown in the 
same figure. 

EXAMPLE 3 

Films of FIPOL I on solid substrates of cylindrical form were deposited by the mechanical motorized apparatus (Fig. 
15) already described into detail and operating with the vacuum chamber of Figs. 1-4. It should be appreciated that the 
mechanical system allows cylindrical substrate to be continuously rotated at a speed varying from 10 to 100 rpm, while 
the inclination of the steel guide tube 50 allows also the base of the cylindrical substrate 44 to be coated. Particularly 
under the conditions of Example 1 and at a rotation speed of 60 rpm a deposit of FIPOL I on a glass cylinder of 8 mm 
diameter and 4 mm length was produced. The thickness homogeneity of the deposit is assured by the continuous rota- 
tion of the cylindrical substrate about its own axis. After a thermal treatment at 250°C under a N 2 atmosphere for 2 
hours the cylinder was subjected to a chemical etching in a 40% solution of hydrofluoric acid. The curve of Fig. 14 
shows the weight loss according to the immersion time. In the same figure there is shown the same relationship for a 
like glass cylinder not coated with polyimide. 
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The results shown in the figures confirm the advantages of the process for providing surface deposits of the present 
invention. 

Particularly the preparation of the surface deposits of composite materials finds a wide application with reference to 
parts of radiation detectors such as the microstrip gas chambers and the microgap chambers since it is possible to 
5 deposit films on a very great number of different substrates: the polymer film assures a chemical-physical stability for 
the substrate against corrosion and damages due to radiations by modifying the wettability and the electrical-mechan- 
ical surface characteristics. 

The present invention is described and illustrated on the base of a preferred embodiment thereof. It should be under- 
stood that a number of construction modifications and changes may be made by those skilled in the art without depart- 
70 ing from the scope of the present industrial invention as defined in the following claims. 

Claims 

1 . A process of depositing thin films of polyimides through evaporation of the components, comprising the steps of: 

75 

a) hard vacuum evaporation of the polymeric precursors following on the heating under thermal control condi- 
tions such as to assure a homogeneous evaporation rate; 

b) deposition of the vapours produced in a) on a chemical solid substrate which may be made of glass, inor- 
ganic oxides, metals and non-metals so as to provide a homogeneous film on the whole surface concerned; 

20 c ) stabilization of the film by heating in an inert atmosphere so as to provide a compact, homogeneous deposit 

of determined thickness. 

2. The process of claim 1, characterized in that the thickness of the film is controlled by controlling the evaporation 
time. 

25 

3. The process of claim 1 , characterized in that the evaporation of the polymer precursors takes place simultaneously 
and at the same temperature, with constant flow and unit molar ratio. 

4. The process of claim 3, characterized in that said temperature is about 180°C (± 2). 

30 

5. The process of the preceding claims, characterized in that the polymer precursors are benzentetracarboxylic dian- 
hydride and 4.4'-oxydianiline. 

6. The process of the preceding claims, characterized in that the polymer precursors are biphenyltetracarboxylic dian- 
35 hydride and 1,4-phenylendiamine-dianiline. 

7. The process of the preceding claims, characterized in that the polymer precursors are benzophenontetracarboxylic 
dianhydride and tetramethyl-p-phenylendiamine. 

40 8. A process for the deposition of thin films of polyimide-metal composite materials comprising the steps of: 

a) hard vacuum evaporation of the polymeric precursors simultaneously with the organometal compositions, 
low-melting-point metals, and other chemical compositions which can be sublimed, said precursors and said 
compositions and/or metals being heated under thermal control conditions such as to assure a homogeneous 

45 evaporation rate. 

b) deposition of the vapours produced in a) on a chemical solid substrate which may be made of glass, inor- 
ganic oxides, metals and non-metals so as to provide a homogeneous film on the whole surface concerned. 

c) stabilization of the film by heating in an inert atmosphere so as to provide a compact, homogeneous deposit 
of determined thickness. 

50 

9. The process of the preceding claims, characterized in that the film exhibits the chemical -physical characteristics of 
the massive material under thermal treatment in an inert atmosphere. 

10. A device for carrying out the process of claims 1 and 8. comprising a vacuum chamber adapted to contain a series 
55 of melting pots of suitable geometry for the evaporation of the precursors, each melting pot being provided with its 

own heating system with automatic temperature control, means for varying the distance between the melting pot 
and the substrate to be treated and means for controlling the evaporation time being also provided. 
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11. The device according to "claim 10, characterized in that the geometry and the number of the melting pots change 
in order to provide deposits of varying thickness and composition or in case of substrate surfaces of particular 
geometry. 

£ 12. A mechanical motorized device for continuously rotating cylindrical substrates to be coated with a homogeneous 
film, characterized in that the rotary motion is transmitted to the cylindrical substrate to be coated through a har- 
monic steel wire guided within a steel tube, said wire being connected at one end to a rotary pin and at the other 
end to a bush supporting said cylindrical substrate to be coated. 

w 13. The mechanical device of claim 12, characterized in that the steel tube guiding the harmonic steel wire is inclined 
to the driving shaft at the end which carries the bush supporting the cylindrical substrate to be coated. 

14. A polymer material prepared from the polyimide precursors such as benzentetracarboxylic dianhydride and 4,4'- 
oxydianiline, characterized in that it is a homogeneous thin film having no internal separation surfaces or cracks 

75 and exhibiting the same mechanical characteristics and the same surface tension, resistance to the chemical etch- 
ing and thermal endurance as the massive polyimide material. 

15. A polymer material prepared from the polyimide precursors such as biphenyitetracarboxylic dianhydride and 1,4- 
phenylendiamine-dianiline, characterized in that it is a homogeneous thin film having no internal separation sur- 

20 faces or cracks and exhibiting the same mechanical characteristics and the same surface tension, resistance to the 
chemical etching and thermal endurance as the massive polyimide material. 

16. A polymer material prepared from the polyimide precursors such as benzophenontetracarboxylic dianhydride and 
tetramethyl-p-phenylendiamine, characterized in that it is a homogeneous thin film having no internal separation 

25 surfaces or cracks and exhibiting the same mechanical characteristics and the same surface tension, resistance to 
the chemical etching and thermal endurance as the massive polyimide material. 

17. Polyimide-metal composite materials having the electrical characteristics of the half -insulating materials provided 
by simultaneous evaporation of the polyimide precursors and the metal. 

30 

18. The process for the deposition of thin films of claims 1 and 8, characterized in that it may be used for providing thin 
films on solid substrate without any limitation as far as the chemical composition, the geometric form and the sur- 
face to be coated is concerned. 

35 19. Use of the surface deposits provided by the processes of the preceding claims as chemically inert f ilms against cor- 
rosion and deterioration due to environmental conditions, or as protection of devices subjected to particular physi- 
cal stress. 

20. Use of the surface deposits provided by the processes of the preceding claims and havinng the surface resistivity 
40 typical of the half-insulating materials as detectors of particles and radiations on electrical and electronic devices. 

21. Coating thin film provided by hard vacuum evaporation of the components, characterized in that it is formed of a 
mixture of polyimides with components not greater than 30% in weight such as to modify the chemical-physical 
characteristics of said massive polyimides. 

45 
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■ polyimide FIPOL I before the thermal treatment 
opolyimide FIPOL II after the thermal treatment 
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i The Search Division considers that the present European patent application does not comply 
j with the requirement of unity of invention and relates to several inventions or groups of 
! inventions, namely: 
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Process for depositing thin films of polyimides through evaporation of benzentetracarboxylic 
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claims). 

Process for depositing thin films of polyimides through evaporation of benzentetracarboxylic 
dianhydride and 4-4* -oxydianiline; device for carrying out this process and polymer material 
prepared from the polyimide precursors such as benzentetracarboxylic dianhydride and 4-4' 
-oxydianiline and use as detector of particles and radiations on electrical and electronic 
devices. 

Subject 3 (not searched): claims 1-4, 6, 15 and 9-11,18-20 (if dependent on the 
aforementioned claims) 

Process for depositing thin films of polyimides through evaporation of biphenyltetracarboxylic 
dianhydride and 1,4 - phenyiendiamine -diantiine; device for carrying out this process; 
polymer material prepared from the polyimide precursors such as biphenyltetracarboxylic 
dianhydride and 1 ,4 - phenyiendiamine -dianiline and use as a chemically inert film against 
corrosion and deterioration due to environmental conditions or physical stress or as detector 
of particles and radiations on electrical and electronic devices. 
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aforementioned claims) 

Process for depositing thin films of polyimides through evaporation of 
benzophenonetetracarboxytic dianhydride and tetramethyl -p- phenylendiamine;device for 
carrying out this process; polymer material prepared from the polyimide precursors such as 
benzophenonetetracarboxyiic dianhydride and tetramethyl -p- phenyiendiamine and use as 
a chemically inert film against corrosion and deterioration due to environmental conditions or 
physical stress or as detector of particles and radiations on electrical and electronic devices. 
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claims) 

Process for the deposition of thin film of polyimide-meta! composite material and polyimide 
metal composite made by simultaneous evaporation of the polyimide precursors and the metal. 
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A mechanical device for continuously rotating substrate. 

Subject 7 ( searched): claim 21 

Thin film coating caraterized by being formed of a mixture of polyimides with components not 
greater than 30% in weight. 
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